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Abstract 
The comfort fabric market continues to grow and become more competitive.  Consumers 
expect their active wear to deliver performance beyond simply being a barrier between their 
body and the environment.  Textile manufacturers have taken notice, and there is a wide 
range of comfort fabrics on the market.  This research tests fabric samples from leading 
comfort fabric technologies: phase change materials, nanotechnology, modified fiber 
structure and blends, as well as the original comfort fiber, cotton.  The most widely 
recognized comfort fabric properties concern the thermal and moisture management of a 
fabric. Using a guarded sweating hot plate, standardized test methods, and industry accepted 
test methods, this research tests and compares the values for thermal resistance, evaporative 
moisture resistance, and vertical liquid wicking.  Results indicate that the fabric’s structure, 
thickness, and fiber type play as important a role in a fabric’s comfortability as the 
technology applied. 
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Chapter 1: Introduction 
As new advancements in technical textiles are achieved, manufactured, and 
advertised, today’s modern market consumers have higher and more demanding expectations 
with regard to their fabric’s performance.  Performance characteristics such as stain-
repellency, wrinkle-resistance, anti-bacterial, and advanced comfortability are fabric features 
which consumers are increasingly familiar with.  Based on the intended end use of a fabric, 
some fabric characteristics will outweigh others.  Fabrics intended for active wear will 
address a very different set of performance criteria in comparison to fabrics intended for 
upholstery in a high traffic area.  However, nearly all fabrics intended for human interaction 
will share a need to be comfortable. 
 The performance property of human comfort in fabrics is very important.  Slater, an 
expert concerning the study of human comfort, is of the opinion that it is the most important 
subject in the entire world (Slater, 1985).  Since all fabrics are not comfortable to wear, 
efforts have been made to better improve these individual properties of fabric to generate 
greater comfort.  These efforts include modification of fiber chemistry, fiber geometry, yarn 
construction, fabric structures, advanced finishes, and blends of different fibers in an effort to 
achieve the combined strengths of each.  Often, a combination of these criteria is utilized to 
produce a comfort fabric.  This thesis research intends to use objective test methods to 
compare and evaluate five different fabrics currently available in the marketplace which are 
advertised as comfort fabrics. 
As comfort fabric producers advance their efforts, the application of technical textiles 
in everyday products is becoming more common place and more competitive.  Consumers 
now have access to a wide range of progressive, comfort fabric products.  From T-shirts, 
2 
 
dress shirts, slacks and active wear to bedding, pillows, sleeping bags, and even pet 
accessories, comfort fabrics are a growing part of the market that is here to stay.  Over the 
past ten years, more companies have joined the comfort fabric industry and the pace of 
development for moisture management fabrics has increased  (Wyman, 2008).  Comfort 
fabric producers each list and advertise the benefits of their products, but it is not clear which 
fabric is capable of delivering the most comfort.  The purpose of this thesis research is to 
determine if all of these fabrics effectively provide comfort to the wearer, as well as an 
understanding of how the different comfort fabrics compare to one another.  This thesis 
research intends to determine the level of comfort ability of commercial fabrics using 
objective test methods addressing specific comfort related properties. 
Heat and moisture transfer properties play a significant role in the classification of a 
fabric as comfortable to wear.  As the human body is engaged in different activities, it 
produces a certain amount of water vapor, or sweat, which varies by individual and activity.  
When the human body begins to generate heat beyond which is needed to maintain the core 
body temperature of 37°C, liquid sweat is produced to manage the increase in temperature.  
The liquid sweat will disperse in three different ways as follows (Min, Son, Kim, Lee, & 
Hong, 2007).  It can evaporate directly into the environment from the surface of the skin.  In 
this case, there is significant body heat loss. 
 
1. Depending on the hydrophilicity of the first layer of clothing (undergarments), the 
liquid sweat can spread to this fabric.  If this layer of clothing cannot absorb the 
complete amount of sweat produced, the second layer of clothing will in turn 
strengthen the cooling process. 
 
2. If the outer layer of clothing is hydrophilic, by mechanism, the liquid sweat or 
moisture vapor can be transported to this level. 
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Therefore, the material and structure of the clothing fabric is important to manage the heat 
and moisture transfer level. 
 A sweating guarded hot plate will be used in this study.  It is widely accepted as the 
most accurate objective test method for determining both heat and moisture transfer from the 
human body through the clothing and out to the environment (Huang, 2006).  By using this 
test method, it will be possible to test and compare different types of comfort fabrics which 
will be controlled in an environmental chamber under the same conditions.  Additionally the 
fabric mass, fabric thickness, fabric wickability, and fabric structure will be considered. 
Purpose of the Study 
The purpose of this study is to compare commercially available comfort fabrics and 
identify which is the most comfortable fabric available in the marketplace today, as well as 
an understanding of how the different comfort fabrics compare to one another.  For this thesis 
research the thermal and moisture properties of human comfort will be considered.  From this 
main objective, the following specific objectives emerged: 
1. Collect several commercial comfort fabric samples. 
2. Determine the thickness and mass of each fabric. 
3. Determine the thermal resistance of each fabric. 
4. Determine the moisture vapor resistance of each fabric. 
5. Determine the vertical liquid wicking property of each fabric. 
6. Determine the construction properties of each fabric. 
7. Statistically analyze the comfort fabric data. 
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Justification 
 
Today’s consumers have an expectation that the fabric their clothing is made from 
will provide functionality beyond a basic barrier between the wearer and his or her 
environment.  As the comfort fabric market grows, so do the methods in which comfort is 
achieved in a fabric.  It is important to test and compare the comfortability of leading comfort 
fabrics to determine which fabric provides the most comfort.  I believe that a comparative 
study of the comfort fabrics available in the marketplace today is valuable to understand the 
progress that has been made.  Each supplier states that their product offers the most 
comfortability, yet there is no published research available to confirm these statements.  As a 
researcher and a consumer, I am interested to know which technology provides the most 
comfort.  I believe others will value this research and use it as a starting point for future 
testing of comfort fabrics. 
Research Question 
 As the active wear market becomes more and more competitive, manufacturers are 
rapidly developing and improving performance properties of comfort fabrics.  Which comfort 
fabric available on the market today offers the most comfortability? 
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Chapter 2: Literature Review 
 Today’s consumers expect more from their active wear than simply a barrier between 
their body and the environment.  Comfort fabric apparel manufacturers have taken notice and 
continue to compete to be the most comfortable performance fabric on the market.  Each year 
there are new products offered in the comfort fabric industry.  Through identifying the most 
critical factors concerning comfort and performing objective testing on fabrics representative 
of current technologies, a benchmark will be set to determine which fabric available in the 
current market offers the most comfort. 
Comfort 
 Comfort is a complex, human perception. To define comfort is especially difficult due 
to the multiple factors which influence its existence.  Slater, an expert on the topic of Human 
Comfort defines comfort as a pleasant state of physiological, psychological and physical 
harmony between a human being and the environment (Slater, 1985).  Clothing and the fabric 
it is made from are vital in the role of comfort as they are in direct contact with both the 
wearer and their environment. The fabric one’s clothing is constructed from will keep the 
wearer more or less comfortable. 
Specific textile characteristics such as fabric weight and thickness, fabric structure, 
wicking, thermal properties and moisture properties play a role in the comfort a fabric 
provides to the wearer.  Fabric weight and thickness impact comfort in that the heavier and 
thicker the fabric, the more heat and moisture it will trap.  On a hot summer day, a thin 
lightweight fabric will be more comfortable than a thick heavyweight fabric.  Fabrics that 
wick, or quickly move moisture away from the skin’s surface help to keep the wearer 
comfortable by keeping the skin dry (Benltoufa, Fayala, & BenNasrallah, 2008).  It is widely 
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recognized that the most important factors contributing to the comfort of textiles are thermal 
and moisture properties (Wang, Li, Kowk, & Yeung, 2002).  The amount of thermal and 
moisture management a fabric delivers to the wearer represents a combination of comfort 
textile characteristics. 
Thermal and Moisture Transmission 
 Thermal and moisture transmission refer to the movement and balance of excess heat 
and moisture generated by the wearer, through the fabric, out into the environment.  These 
factors are of the utmost importance when considering the comfort of active wear (Min, Son, 
Kim, Lee, & Hong, 2007).  As activity increases, so does the heat and moisture, or sweat that 
the human body generates.  This excess heat and moisture has to move from the skin, through 
the microclimate between the skin and the fabric and then through the fabric out into the 
environment (Min, Son, Kim, Lee, & Hong, 2007).  In hydrophilic fibers like cotton, the 
moisture is absorbed into the fiber, but not immediately out into the environment.  The heat 
however is transmitted into the environment leaving the wearer in cold, wet clothing which is 
very uncomfortable (Portz-Shovlin, 2000).  In hydrophobic fibers like polyester, the moisture 
moves along the fiber, transported away from the skin and out into the environment, but 
traditional polyester isn’t considered comfortable because it’s lack of other comfort 
properties (Skomra, 2006).  To effectively address comfort, a fabric must successfully 
manage both heat and moisture transmission. 
 Since thermal and moisture transmission play such a critical role in the determination 
of clothing comfort, substantial research has been completed to evaluate reliable means to 
measure these attributes.  Mathematical models have been used in several studies to analyze 
the relationship between comfort properties and textile properties; however, they are limited 
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in regard that fabric properties are related to one another, therefore it is difficult to isolate 
only one variable (Bhattacharjee & Kothari, 2009).  Human subjects are a respected method 
because they provide a direct comparison of thermal comfort to the performance of the 
clothing, however other methods are sought because this method can be costly and time 
consuming (Sztander, Cardello, Winterhalter, & Schutz, 2013).  Thermal manikins attempt to 
closely represent the results humans would provide, however there are only three moveable 
and sweating manikins in the world  (Fan & Tsang, 2008).  The lack of availability of 
thermal manikins makes it challenging to use them in a study although research work by 
Celcar, Meriander and Geršak (2008), as well as Fan and Tsang (2008) have accomplished 
this.  Considerable research used the Alambeta apparatus to determine the thermal properties 
of fabrics (Bhattacharjee et al., 2007; Özdil et al., 2007; Onal et al., 2012; Lizák et al., 2013).  
Prior to the study using the thermal manikin, Celcar, Meriander and Geršak used a sweating 
cylinder  to evaluate these properties (Celcar, Meinander, & Gersak, Study, 2008).  Use of a 
guarded hot plate apparatus is one of the most respected methods to determine thermal 
properties (Salmon, 2001).  The sweating guarded hot plate is capable of simulating both 
thermal and moisture transfer from the body through the clothing layers and out to the 
environment (Huang, 2006).  This research will use a sweating guarded hot plate to obtain 
objective test results. 
Wicking 
 Wicking is the process by which liquid moisture is moved throughout the fabric and 
into the atmosphere by means of capillary force (Ramachandran & Kesavaraja, 2004).  When 
a person is engaged in a high level of activity, the excess sweat or liquid moisture on the skin 
needs to be absorbed and moved out into the atmosphere before it collects on the skin or in 
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the fiber thereby causing the wearer to become uncomfortable.  Moisture transport in textile 
fabrics is one of the most important factors in maintaining comfort (Benltoufa, Fayala, & 
BenNasrallah, 2008).  Wicking is one of the main mechanisms by which moisture is 
transported. 
Phase Change Materials 
 Phase change materials improve the thermal performance of clothing by absorbing or 
releasing heat as the environmental conditions change.   Phase change materials are 
incorporated into the structure of the fabric, encapsulated in microcapsules with diameters of 
only a few microns (Ghali, Ghaddar, Harathani, & Jones, 2004).  These microcapsules are 
incoporated into the spinning of the synthetic fibers at the ealry stages of manufacturing (Bo-
an, Yi-Lin, Li, Chap-Yung, & Qing-wen, 2004).  After the wearer has worked or exercised in 
a cold environment, the phase change materials which are in the microcapsules generate heat 
and warm the wearer.  By the same method, in a warm environment the phase change 
materials absorb heat thereby creating a cooling effect (Hyejin & Cho, 2004).  The phase 
change materials are used to balance the changes between the environment and the wearer. 
 Outlast is the trade name for which consumers can obtain fabrics with phase change 
materials.  This technology was originally developed for NASA (Outlast Technologies, 
2013).  Outlast explains that their product is not a wicking product because the approach of 
maintaining an equilibrium between the wearer and his environment prevents excess heat and 
moisture before it is created, thereby making wicking unnecessary (Outlast Technologies, 
2013).  Outlast is vastly different from other technologies by preventing rather than 
correcting discomfort. 
 
9 
 
Nanotechnology 
 Nanotechnology represents the comprehension and control of matter at the nanoscale; 
a process of engineering and working with particles with dimensions that are 1 to 100 nm.  It 
is difficult to comprehend how small nanotechnology is.  As an example, if one were to 
consider the size of a marble as a nanometer, then the size of the earth would be one meter 
(United States National Nanotechnology Initiative, 2013).  At this molecular level, particles 
are applied to textiles to enhance the fabric where it may lack performance characteristics in 
areas such as water repellency, antimicrobial properties, moisture management, wrinkle 
resistance and many more.    
Nano-Tex is a manufacturer of nanotechnology applied textiles.  They state that they 
are the first company to apply nanotechnology to fabrics and that their prodcts set the 
industry standard  (Nano-Tex, 2009).  Nano-Tex targets five specific textile characteristics; 
stain resistance, moisture management, odor control, static elimination and wrinkle-free.  
Within the moisture management segment, Nano-Tex offers two distict products to address 
thermal and moisture properties.  One of those products is Coolest Comfort which claims to 
balance body temperature, allow the fabric to breathe naturally, and retain fabric’s natural 
softness in order to enhance comfort to the wearer (Nano-Tex, 2009). 
Modified Fiber Structure 
 Traditional synthetic fibers are extruded through a spinneret to form a uniform, 
cylindrical fiber with a circular cross-section.  Over time, synthetic fiber manufacturers have 
incorporated desirable characteristics of natural fibers by modifying the fiber structure.  
Adding crimp, extruding finer deniers, and modifying the cross-section, are methods 
manufactures have used to modify the synthetic fiber to perform more like natural fibers. 
10 
 
 Coolmax is a synthetic fiber with a modified, tetra channel cross section (Coolmax, 
2013).  When wicking takes place, it can either move into the fiber or along the fiber.  
Synthetic fibers being traditionally cylindrical in structure only have one varying path for 
moisture to travel along.  In the case of Coolmax, with its modified structure, there are four 
channels for moisture to travel along as illustrated in Figure 1, which allows it to move more 
moisture in a shorter amount of time.  This moisture management keeps the wearer 
comfortable when engaged in activity which generates excess body moisture. 
 
 
Figure 1: Illustration showing a comparison of moisture transport along a traditional synthetic fiber 
and a Coolmax modified synthetic fiber. 
 
 
Blends 
 Blended textiles are composed of more than one type of fiber, fiber size, or fiber 
color, all in varying percentages.  There are different reasons for blending fibers, such as 
appearance, expense, texture, and manufacturability, but in general, a blend delivers better 
performance than a fabric made of one hundred percent of one fiber (Skomra, 2006).  Fiber 
blends offer numerous benefits because there are endless possibilities as to the combinations 
11 
 
that could be created.  Julius B. Goldberg, a Fellow of the Textile Institute said it best when 
he wrote: “When any one fiber, whether by machination or imagination is created to fulfill 
every need, that will be the day it will have truly earned the right to be called a ‘miracle’ 
fiber.  Until then however, it appears that the mills will have to be burdened with the 
responsibility of trying to make homogeneous yarn from a conglomeration of variables” 
(Goldberg, 1954).  Blends are the means of incorporating different fiber properties into one 
textile to achieve the desired performance.  The question remains to be answered as to what 
is the perfect recipe, or blend, to achieve optimal comfort. 
Blends are not a new technology, but the types of fibers and composition of fibers 
being blended together are constantly evolving.  Dri-Release is a unique blend of 
performance polyester fibers and natural fibers with a treatment of Freshguard embedded in 
the yarn.  This blend provides the wearer with a collection of desirable comfort properties; 
soft to the touch, wicks moisture away, and eliminates odor (Dri-Release, 2009).  These 
fibers combined, form a fabric that absorbs moisture and forces it to the surface of the fabric, 
allowing for quick evaporation into the atmosphere and away from the wearer (Dri-Release, 
2013).  The performance of Dri-Release is gaining recognition and appears in several select 
active wear lines of leading brands around the world.  Compared to pure cotton knit, a Dri-
Release fabric blended of polyester and cotton dries four times faster  (Rodie, 2003).  Dri-
Release offers the best of both worlds. 
Natural Fibers 
 Natural fibers are perceived to be more comfortable than synthetic fibers.  This 
perception is based both on the performance properties of the fabric, as well as human’s 
psychological opinion of natural fibers.  There are several natural fibers from both plants and 
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animals, but cotton is the most common natural fiber in the apparel industry.  Cotton has 
made a household name for itself through market presence and regular media and advertising 
as “The Fabric of Our Lives.” 
Cotton is a natural, cellulosic seed fiber produced by the genus Gossypium (Kadolph 
& Langford, 2002).  While cotton fiber is characterized by convolutions, it does not have any 
surface characteristics which irritate the skin (Kadolph & Langford, 2002).  Cotton has a 
good level of moisture absorption; approximately 8% and is a good conductor of heat. 
Cotton is sufficient for keeping moisture off of the skin during low levels of activity, 
but more strenuous activities, like running will leave the wearer uncomfortable.  The average 
runner produces up to one and a half quarts of water while running in normal conditions and 
surprisingly, potentially twice that amount in humid conditions (Portz-Shovlin, 2000).  With 
this amount of water, cotton will reach a saturation point where it begins to feel heavy, wet, 
and uncomfortable. 
Summary 
There are several different technologies available in the market today; all vying to be 
the consumer’s first choice in the selection of a comfort fabric and the competition is intense. 
With a long history of holding that place in consumers’ minds, America’s Cotton Growers 
and Importers, Cotton Incorporated, is addressing the new competition with smart 
developments and bold ad campaigns.  The new comfort cotton technology, TransDRY, aims 
to manage moisture better than most high-tech, synthetic fabrics.  The patented technology is 
a process of treating cotton yarns to make them water repellent and then blending them with 
untreated cotton yarns (Cotton Incorporated, 2013).  In addition to the advancements of their 
product, there have been significant efforts made with advertising campaigns to convince 
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consumers that synthetics are not desirable.  The “Mystery Fabric” campaign and the “Cotton 
or Nothing” manifesto clearly state that replacement fibers for cotton are unreliable, 
uncomfortable and will fail you (Cotton Incorporated, 2013).  They go so far as to imply that 
if you’ve purchased a garment that is not made of cotton that you’ve been fooled or duped. 
Manufacturers of the most recent comfort fabrics are gaining market share and 
aggressively pursuing more of it.  Dri-Release fabric is used by over one hundred different 
sportswear brands and at least fifty represent the most elite in the industry (Dri-Release, 
2013).  They have expanded their product blends to incorporate a range of fibers including 
wool, tencel, soy, silk, recycled polyester and more (Dri-Release, 2013).  Outlast carries and 
advertises their Certified Space Technology Seal of Approval (Outlast Technologies, 2013).  
With respect to all of the different approaches to textile comfort and the products that 
represent them there is much to be gained to be a consumer’s first choice.  Clearly the 
competition for the comfort fabric market is fierce. 
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Chapter 3: Methodology 
Research Design 
The design and methodology for this research is quantitative and based on ASTM 
tests and industry recognized methods to test and measure the comfort properties of the 
performance fabrics.  The tests selected were those that related most closely to the fabric 
properties that are representative of comfort; thermal and moisture transmission and wicking.  
Fabric thickness and weight were also measured using standard methods to aid in additional 
discussion of results.  Sample selections were made based on the leading comfort 
technologies available on the market today.  One of the manufacturers provided a sample to 
be included in the research and the other samples were purchased in the marketplace. 
Once the samples were collected, they were prepared, labeled and organized for the 
testing.  Specimens were cut to the specifications of the appropriate test method.  Fabric 
thickness was assessed using an ElektroPhysik MiniTest 600B measurement device based on 
the magnetic induction principle.  Fabric weight, or mass per unit area of fabric was 
calculated in accordance with ASTM D3776.  A guarded sweating hot plate was used to 
measure the thermal resistance and evaporative moisture resistance in accordance with 
ASTM F1868 (2002).  An in house method based on accepted industry practice was followed 
to measure wicking. 
After completion of the testing, the data and results were analyzed.  Thermal 
resistance, evaporative moisture resistance, and vertical liquid wicking were statistically 
analyzed using analysis of variance.  The test data was then evaluated and analyzed with the 
fiber type and fiber structure of each fabric sample. 
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Sample Selection 
The first portion of this work was to research and investigate the different comfort 
technologies and fabrics available in the marketplace and select a leading comfort fabric 
sample to represent each technology.  The following selections were made: 
- Phase change material technology: Outlast 
- Nanotechnology: Nano-Tex 
- Modified fiber structure technology: Coolmax 
- Blend of natural and performance synthetic fibers: Dri-Release 
- Natural, original, classic comfort fiber: Pure Cotton 
Each manufacturer was contacted to request sample fabric for use in the research.  One 
manufacturer responded positively and provided the requested sample fabric.  There was no 
response from the other manufacturers.  The remaining needed fabric samples were 
purchased from an online active wear retailer that carried each of the different comfort 
fabrics.  Data in Table 1 summarizes the technology, fiber content, fiber construction, fabric 
weight, and fabric thickness of the comfort fabric samples. 
 
Table 1  Characteristics of the fabric samples 
 
Fiber content 
Fiber construction 
Fabric 
weight (W) 
(ozs/yd
2
) 
Fabric 
thickness 
(h) 
(mm) 
 
Fiber 
structure 
Warp/Ends 
per inch 
Weft/Picks 
per inch 
Outlast cotton = 100 jersey knit 42 30 6.7 0.684 
Nano-Tex cotton = 100 woven 68 68 3.4 0.228 
Coolmax polyester = 100 jersey knit 42 26 5.0 0.571 
Dri-Release polyester : cotton = 85 : 15 jersey knit 38 26 5.0 0.541 
Pure cotton cotton = 100 jersey knit 44 30 5.2 0.592 
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Test Methods 
Standardized test methods as well as industry recognized methods were used to test 
the fabric samples for fabric thickness, fabric weight, thermal resistance, evaporative 
moisture resistance and vertical liquid wicking.  The testing of the thermal resistance and 
evaporative moisture resistance required great care and took long hours.  Without a 
standardized test for vertical liquid wicking property, effort was taken to replicate the 
industry recognized test as closely as possible.  The five different comfort fabrics were 
subjected to five tests, all performed at Eastern Michigan University’s textile lab. 
1. Fabric thickness (h) using an ElektroPhysik MiniTest 600B which works on 
the magnetic induction principle. 
2. Fabric weight or Mass per unit area of fabric (W) following ASTM D3776: 
Standard Test Methods for Mass Per Unit Area (Weight) of Fabric 
3. Thermal Resistance (Rct) using a TPS Lunaire Controlled Chamber and 
Sweating Guarded Hot Plate and following ASTM F1868 (2002): Standard 
Test Method for Thermal and Evaporative Resistance of Clothing Materials 
Using a Sweating Hot Plate  
4. Evaporative Moisture Resistance (Ret) using a TPS Lunaire Controlled 
Chamber and Sweating Guarded Hot Plate and following ASTM F1868 
(2002): Standard Test Method for Thermal and Evaporative Resistance of 
Clothing Materials Using a Sweating Hot Plate 
5. Vertical Liquid Wicking Property using an in-house method modeled after an 
industry recognized test 
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In addition to the testing, the fiber content, fiber structure and warp/ends per inch and 
weft/picks per inch of each sample were recorded. 
Fabric thickness. This test method determines the thickness of a fabric using 
equipment that works on the magnetic induction principle.  Fabric thickness (h) is a basic 
textile property; determining and recording the thickness of the sample will support analysis 
and discussion of the results.  Three specimen of each comfort fabric sample were prepared 
to a dimension of 1” x 1”.  Each specimen was placed between two test plates.  This ensures 
that the contact with the measuring probe is uniform and not erroneously influenced by any 
surface irregularities. The top test plate was glass and the bottom test plate was metallic.  An 
ElektroPhysik MiniTest 600B was used.  This device is a handheld, battery operated gauge 
connected to a cable and measuring probe (Figure 2). 
 
Figure 2: Photograph of the ElektroPhysik MiniTest 600B fabric thickness measurement device. 
 
The test was then conducted by placing and pressing the measuring probe on to the surface of 
the top test plate, by which the gauge would then display a measurement in micrometers.  
The measurement was then recorded.  This exercise was conducted ten times for each of the 
three test specimen per fabric sample.  After all of the measurements were conducted and 
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recorded, they were then input into Excel to be adjusted.  The measurements were adjusted 
by subtracting the thickness of the top test plate from the gauge measurements to reach the 
measurement of the thickness of the test specimen only.  The values were then converted 
from micrometers to millimeters. 
Fabric weight or mass per unit area of fabric. The fabric weight (W) is an 
important characteristic when comparing comfort fabrics because the heavier the fabric, the 
more insulation it provides to the wearer.  For active wear, a lighter weight fabric is more 
desirable to allow excess generated heat to be transmitted out into the environment.  The 
testing of the fabric weight followed ASTM D3776: Standard Test Methods for Mass Per 
Unit Area (Weight) of Fabric.  To determine the weight, eight test specimen were cut from 
each comfort fabric.  A textile pneumatic GSM round cutter was used to cut the 2 and 11/16" 
diameter circular specimens.  All eight specimens were then weighed.  The weight of the 
eight specimens in grams is equal to the weight of the fabric in ozs/yd
2
.  The weight for each 
comfort fabric was recorded. 
Thermal and evaporative moisture resistance. Thermal resistance and evaporative 
moisture resistance are critical properties in the determination of the comfort of a fabric.  
They are generally accepted as the most important factors in determining comfort.  Thermal 
resistance (Rcf) is a quantitative representation of how well a fabric provides a thermal barrier 
to the wearer (Huang, 2006).  Evaporative moisture resistance (Ref) is a quantitative 
representation of the flow of moisture from a warmer to a cooler environment (Collier & 
Epps, 1999).  The standardized test ASTM F1868 (2002): Standard Test Method for Thermal 
and Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate was followed.  
The test equipment used was a TPS Lunaire Controlled Chamber and Sweating Guarded Hot 
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Plate connected to a lab computer for data output (Figure 3).  In accordance with the test 
method and equipment being used, three test specimen of each comfort fabric sample were 
prepared to a size of 12” x 12”.  The test specimens were placed inside the test chamber for 
conditioning.  After conditioning, the bare plate thermal resistance (Rcbp) was measured.  
This was conducted by running the test without a fabric sample on the test plate.  Once 
completed, the value was recorded and the test for the total thermal resistance (Rct) was 
initiated.  The fabric sample was placed on the test plate with great care to smooth any 
wrinkles, and then secured to the test plate.  The test was then started and data recorded using 
the lab computer.  This was repeated for each of the three test specimens.  The data for the 
three test specimens was averaged to determine the average Rct.  The thermal resistance of 
the fabric alone (Rcf) was then calculated by subtracting the bare plate value from the 
averaged total thermal resistance value. 
The second part of the test was to determine the evaporative moisture resistance (Ref).  
Moisture was introduced into the test chamber by connecting the deionized water tube to the 
test plate.  A cellophane sheet was placed on the test plate to act as a liquid barrier, but would 
also allow water vapor to pass through to the test plate.  The bare plate evaporative moisture 
resistance (Rebp) was measured.  The same steps as were taken for the thermal testing were 
repeated, but the evaporative resistance values were used. 
 
Figure 3: Schematic of sweating guarded hot plate apparatus. 
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Vertical liquid wicking property.  Vertical liquid wicking property is important to 
the performance of a comfort fabric because it represents how well the fabric can move 
moisture from one area to another; ideally from the wearer out into the environment.  
Wicking is the ability of a textile to transport moisture along its surface (Kadolph & 
Langford, 2002).  A standardized test method for vertical wicking property does not exist.  
There is an accepted laboratory test within the textile industry (Skomra, 2006).  This 
accepted test was replicated to determine the vertical liquid wicking property of each comfort 
fabric.  Three test specimens of each comfort fabric were prepared to the dimension of 1” x 
12”.  A large beaker of water was filled to a height of 10mm.  A ring stand was positioned 
and maintained at a constant height allowing the fabric samples to drop 3mm into the beaker 
of water.  A scale was also mounted from the ring stand to be positioned next to the test 
specimen to use for measuring the distance of rise.  A test specimen was then hung from the 
ring stand, but not yet dropped into the beaker of water.  Once securely attached, the opposite 
end of the test specimen was dropped into the beaker of water at the same time that the timer 
was started.  The test apparatus is illustrated in Figure 4. 
 
Figure 4: Illustration of vertical liquid wicking test apparatus. 
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The rate of rise was measured at regular time intervals for each test specimen as stated in 
Table 2.  The measurements were recorded at each interval.   
Table 2  Vertical liquid wicking time intervals 
15 
 
seconds 
30 
 
seconds 
60 
 
seconds 
90 
 
seconds 
2 
 
minutes 
3 
 
minutes 
4 
 
minutes 
5 
 
minutes 
6 
 
minutes 
7 
 
minutes 
8 
 
minutes 
9 
 
minutes 
10 
 
minutes 
 
The measurements of the three test specimens were then averaged at each interval and in 
total distance traveled to determine the vertical wicking of the fabric.  The values were 
mapped in a line graph for comparison of the rate of rise. 
 
 
22 
 
Chapter 4: Results and Discussion 
 
The results of this discussion will be divided into three sections.  The first section 
addresses the thermal resistance results.  The second section addresses the evaporative 
moisture resistance results.  Lastly, the third section addresses the vertical liquid wicking 
results. 
The results were statistically analyzed using analysis of variance to determine the 
significance of the variables was performed at a 99.99% confidence level.  The test data for 
thermal resistance and evaporative moisture resistance are presented with their appropriate 
tables in each section.  The test data and line graph demonstrating the rate of rise for vertical 
liquid wicking are displayed within the respective section.  The ANOVA tables are listed in 
Appendix A.  The test data is listed in Appendix B. 
Thermal Resistance Results 
 The test results of the thermal resistance testing are outlined in Table 3.  From these 
results, it is understood that the Nano-Tex fabric provided the least amount of thermal 
resistance.  This tells us that of the five samples, the nanotechnology fabric provided the least 
amount of insulation to the wearer, allowing excess body heat to move away from the body 
and out into the environment with the least amount of resistance. 
The Dri-Release fabric sample had the highest level of thermal resistance of the five 
fabric samples.  Therefore the Dri-Release fabric sample provided the most insulation to the 
wearer; of the five fabric samples, it allowed the least amount of heat to move away from the 
body.  With its blend of both cotton and synthetic performance fibers, it was anticipated that 
this fabric sample would measure with more favorable results than the individual 
technologies on their own; this was not the case.  This could be due to the quantities of the 
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blend.  Additional testing of the thermal resistance of fabric samples with different quantities 
of the two fibers would be interesting to understand how the thermal resistance could be 
decreased. 
Table 3  Thermal resistance results 
 
Rcf 
(k · m2/W) 
Standard 
Deviation 
Outlast 0.0237 0.0044 
Nano-Tex 0.0112 0.0105 
Coolmax 0.0230 0.0007 
Dri-Release 0.0277 0.0010 
Pure Cotton 0.0197 0.0058 
      
 
Upon consideration of the additional fabric characteristics, listed in Table 1, the 
Nano-Tex sample is the only woven fabric of the samples tested.  It is also the thinnest and 
most lightweight.  These properties contribute to a fabric’s level of thermal resistance.  The 
thinner and more lightweight a fabric is, the less thermal resistance it provides.  Considering 
only Coolmax, Dri-Release, and pure cotton, the fabric samples with nearly identical 
structure, weight and thickness, pure cotton provided the least amount of thermal resistance. 
Evaporative moisture resistance results 
 The test results of the moisture resistance testing are outlined in Table 4.  Comparable 
with the thermal resistance results, the evaporative moisture resistance results also show that 
the Nano-Tex fabric sample had the least amount of evaporative moisture resistance.  This 
means that this fabric will allow water vapor, or sweat, to evaporate from the wearer more 
quickly than any of the other fabric samples will.  Due to the light weight and thinness of the 
fabric sample, by less than half of the other samples, these results are expected.  The thinner 
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and more lightweight a fabric is, the less resistance it furnishes to the passage of moisture 
through it and out into the environment. 
The Outlast fabric sample provided the most evaporative moisture resistance.  The 
Outlast fabric uses phase change technology to adjust and balance the environment around 
the wearer (Chung & Cho, 2004).  The manufacturer states that this fabric is not intended to 
correct excess moisture, but to prevent it.  As we know, the microcapsules hold on to the 
excess moisture and convert it later when the wearer needs cooling.  It is possible that due to 
the technological approach of this fabric, it may offer more comfort to a subject than a 
laboratory object. 
Table 4  Evaporative moisture resistance results 
 
Ref 
(kPa · m2/W) 
Standard 
Deviation 
Outlast 3.8719 0.6590 
Nano-Tex 1.6517 0.6290 
Coolmax 2.2744 0.2074 
Dri-Release 2.8037 0.0567 
Pure Cotton 3.8672 0.3613 
      
 
Once again, to only consider Coolmax, Dri-Release, and pure cotton with their very 
similar fabric properties, Coolmax offered the least amount of evaporative moisture 
resistance.  This is in line with the expectations as Coolmax is a fabric engineered to move 
moisture.  Cotton has high absorbency of 8.5% compared with that of Polyester with 
absorbency of .8%.  It is likely that in the case of Dri-Release, composed of 85% cotton, and 
100% pure cotton, the fibers absorbed and held onto more of the moisture than compared 
with Coolmax made of 100% polyester, with a specific cross section designed to move 
moisture. 
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Vertical Liquid Wicking Results 
The test results of the vertical liquid wicking testing are outlined in Table 5.  As 
expected, the Coolmax fabric sample provided the most wickability.  The technology of a 
modified tetra channel cross-section is specifically designed to address and improve wicking.  
With four times the channels of a typical fiber to move moisture, or sweat, away from the 
body, it performed as anticipated by moving the most moisture the quickest of any of the 
other fabric samples. 
Table 5  Vertical liquid wicking results (10 mins) 
 
Wickability 
(mm) 
Standard 
Deviation 
Outlast 63 7.00 
Nano-Tex 54 1.53 
Coolmax 102 0.58 
Dri-Release 72 1.15 
Pure cotton 40 2.31 
      
 
Pure cotton delivered the least amount of wicking.  It moved less than half the 
moisture that Coolmax did.  This is not astonishing as pure cotton is highly absorbent.  
Instead of moisture moving along the surface of the fiber, the fiber absorbs it and then the 
moisture only moves once the fiber is saturated.  By contrast, polyester has low absorbency 
and therefore the moisture can only move along the fiber as very little will be absorbed. 
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Figure 5: Line graph of vertical liquid wicking rate of rise 
 
Upon review of the vertical liquid wicking rate of rise graph (Figure 5), not 
unexpectedly, both of the fabric samples containing polyester wicked away the most 
moisture the fastest.  The Coolmax fabric sample being comprised of 100% performance 
polyester had a higher rate of rise than the Dri-Release sample only containing 15% 
performance polyester.  However, initially the Dri-Release sample performed in this test 
more closely with the Nano-Tex fabric sample until about half way through the test, the 
Nano-Tex fabric sample’s progress slowed and it exhibited behavior more like pure cotton. 
Interestingly, when the line graph (Figure 5) is examined, it shows that pure cotton 
and Outlast moved moisture at approximately the same rate for the first two and a half 
minutes.  At the three minute mark, Oulast’s rate increased and it overtook the pure cotton 
fabric sample and then after that it overtook the Nano-Tex fabric sample which had initially 
started out very strong.  It was not expected that the Outlast fabric sample would provide 
faster vertical liquid wicking than the Nano-Tex fabric sample.  The Nano-Tex fabric sample 
was thinner and more lightweight, so it was expected that the moisture would travel more 
quickly along its surface than the thicker and heavier Outlast sample. 
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Chapter 5: Conclusions 
Comfort is complex.  Addressing how to achieve comfort through active wear is in 
turn complex and approached in different ways.  The objective to identify leading comfort 
technologies in the marketplace today and to collect and test fabric samples representing 
those technologies was met.  The main objective of this study was to identify which of the 
chosen technologies offers the most comfortability.  Due to the complexity of the many 
factors of comfort, this objective could be more directly addressed considering specific 
scenarios of environment and activity in coordination with fabric samples sharing identical 
fabric construction, weight, and thickness.  The following conclusions are made from the 
fabric samples and test results inclusive of this study. 
1. With regard to the collection of several commercial comfort fabric samples, this 
objective was achieved by first researching and identifying the leading comfort 
technologies in the marketplace and selecting a fabric sample from the leading 
manufacturer of each technology. 
2. The thickness and mass of each fabric sample was determined using standardized test 
methods.  The Outlast fabric sample was the thickest and weighed the most.  The 
Nano-Tex sample was the thinnest and weighed the least.  Coolmax, Dri-Release, and 
pure cotton all had comparable thickness and weight. 
3. The thermal resistance of each fabric was measured using a guarded sweating hot plate 
following ASTM F1868 (2002).  The Nano-Tex fabric sample provided the least 
amount of thermal resistance and the Dri-Release fabric sample provided the most 
thermal resistance.  The thinness and lightness of the Nano-Tex fabric contribute to its 
low thermal resistance, so it is unknown to what effect the nanotechnology had on the 
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outcome of the rankings.  The Dri-Release fabric sample was not the heaviest or 
thinnest fabric sample, so it can be determined that the Outlast fabric sample which 
was heavier and thicker offers less thermal resistance due to its phase change materials 
technology.   
4. The evaporative moisture resistance of each fabric was measured using a guarded 
sweating hot plate in accordance with ASTM F1868 (2002).  The Nano-Tex fabric 
sample provided the least amount of evaporative moisture and the Outlast fabric 
sample provided the most evaporative moisture resistance.  The Nano-Tex fabric 
sample being the lightest and thinnest fabric contributes to the low level of evaporative 
moisture resistance.  The Outlast fabric being the heaviest and thickest contributes to 
its high level of evaporative moisture resistance.  It is not clear if the results were due 
to the technology or the fabric structure.  
5. The vertical liquid wicking property of each fabric was measured following an 
industry recognized method.  This test showed that the rate of rise accelerated and 
decelerated at different intervals for the different fabric samples.  At the conclusion of 
the test, the Coolmax fabric sample provided the most wicking and the pure cotton 
fabric sample provided the least. 
6. The construction properties of each fabric were evaluated and recorded.  Four of the 
five fabric samples were a knit, while one was a woven. 
7. The comfort fabric results were statistically analyzed using F-Test analysis of variance 
to a confidence level of 99.99% to determine the significance of differences between 
each property. 
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Appendix A 
Thermal resistance (Rcf) 
ANOVA 
F (4, 10) = 11.431, p<.001 
F Distribution = 3.48 
Score   
 
Sum of 
Squares df Mean Square F Sig. 
Between Groups .001 4 .000 11.431 .001 
Within Groups .000 10 .000   
Total .001 14    
 
Evaporative moisture resistance (Ref) 
ANOVA 
F (4, 10) = 22.177, p<.000 
F Distribution = 3.48 
Score   
 
Sum of 
Squares df Mean Square F Sig. 
Between Groups 14.958 4 3.740 22.177 .000 
Within Groups 1.686 10 .169   
Total 16.644 14    
 
Vertical liquid wicking 
ANOVA 
F (4, 10) = 135.509, p<.000 
F Distribution = 3.48 
Distance   
 
Sum of 
Squares df Mean Square F Sig. 
Between Groups 6323.733 4 1580.933 135.509 .000 
Within Groups 116.667 10 11.667   
Total 6440.400 14    
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Appendix B 
 
Fabric Thickness Test Data 
 
 
Fabric Thickness: Outlast 
 
1 mm to µm Adjusted 2 mm to µm Adjusted 3 mm to µm Adjusted Average 
1 1.26 1260 734 1.25 1250 724 1.20 1200 674 
  2 1.24 1240 714 1.21 1210 684 1.20 1200 674 
  3 1.19 1190 664 1.23 1230 704 1.21 1210 684 
  4 1.20 1200 674 1.21 1210 684 1.20 1200 674 
  5 1.18 1180 654 1.21 1210 684 1.22 1220 694 
  6 1.19 1190 664 1.20 1200 674 1.20 1200 674 
  7 1.21 1210 684 1.21 1210 684 1.19 1190 664 
  8 1.22 1220 694 1.19 1190 664 1.20 1200 674 
  9 1.21 1210 684 1.20 1200 674 1.23 1230 704 
  10 1.21 1210 684 1.19 1190 664 1.23 1230 704 
  Average 
 
685 
  
684 
  
682 683.67 µm 
 
 
Fabric Thickness: Nano-Tex 
 
1 Adjusted 2 Adjusted 3 Adjusted Average 
1 730 204 725 199 710 184 
  2 795 269 740 214 715 189 
  3 735 209 790 264 715 189 
  4 740 214 735 209 720 194 
  5 720 194 805 279 730 204 
  6 795 269 725 199 730 204 
  7 790 264 730 204 795 269 
  8 740 214 760 234 805 279 
  9 730 204 785 259 805 279 
  10 805 279 735 209 790 264 
  Average 232 
 
227 
 
225.5 228.17 µm 
 
 
Fabric Thickness: Coolmax 
 
1 mm to µm Adjusted 2 mm to µm Adjusted 3 mm to µm Adjusted Average 
1 1.13 1130 604 1.06 1060 534 1.09 1090 564 
  2 1.13 1130 604 1.08 1080 554 1.11 1110 584 
  3 1.17 1170 644 1.09 1090 564 1.11 1110 584 
  4 1.11 1110 584 1.09 1090 564 1.08 1080 554 
  5 1.12 1120 594 1.10 1100 574 1.10 1100 574 
  6 1.11 1110 584 1.11 1110 584 1.10 1100 574 
  7 1.08 1080 554 1.09 1090 564 1.08 1080 554 
  8 1.08 1080 554 1.09 1090 564 1.10 1100 574 
  9 1.07 1070 544 1.08 1080 554 1.09 1090 564 
  10 1.09 1090 564 1.08 1080 554 1.09 1090 564 
  Average 
 
583 
  
561 
  
569 571.00 µm 
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Fabric Thickness: Dri-release 
 
1 mm to µm Adjusted 2 mm to µm Adjusted 3 mm to µm Adjusted Average 
1 1.05 1050 524 1.08 1080 554 1.07 1070 544 
  2 1.03 1030 504 1.05 1050 524 1.07 1070 544 
  3 1.04 1040 514 1.08 1080 554 1.06 1060 534 
  4 1.06 1060 534 1.08 1080 554 1.04 1040 514 
  5 1.05 1050 524 1.06 1060 534 1.08 1080 554 
  6 1.04 1040 514 1.07 1070 544 1.08 1080 554 
  7 1.07 1070 544 1.08 1080 554 1.08 1080 554 
  8 1.05 1050 524 1.1 1100 574 1.08 1080 554 
  9 1.05 1050 524 1.09 1090 564 1.09 1090 564 
  10 1.06 1060 534 1.11 1110 584 1.07 1070 544 
  Average 
 
524 
  
554 
  
546 541.33 µm 
 
 
 
Fabric Thickness: Pure Cotton 
 
1 mm to µm Adjusted 2 mm to µm Adjusted 3 mm to µm Adjusted Average 
1 1.18 1180 654 1.13 1130 604 1.10 1100 574 
  2 1.14 1140 614 1.11 1110 584 1.10 1100 574 
  3 1.13 1130 604 1.11 1110 584 1.10 1100 574 
  4 1.13 1130 604 1.09 1090 564 1.10 1100 574 
  5 1.14 1140 614 1.14 1140 614 1.09 1090 564 
  6 1.13 1130 604 1.13 1130 604 1.11 1110 584 
  7 1.11 1110 584 1.12 1120 594 1.11 1110 584 
  8 1.12 1120 594 1.11 1110 584 1.11 1110 584 
  9 1.12 1120 594 1.12 1120 594 1.11 1110 584 
  10 1.13 1130 604 1.12 1120 594 1.11 1110 584 
  Average 
 
607 
  
592 
  
578 592.33 µm 
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Thermal and Evaporative Moisture Resistance Test Data 
 
 
Thermal and Evaporative Moisture Resistance: Outlast 
 
Thermal Bare 
Plate 
Thermal 
Sample 
Moisture Bare 
Plate 
Moisture 
Sample 
Thermal 
Resistance 
Moisture 
Resistance 
  rcbp rct rebp ret Rcf Ref 
1 0.0543 0.0794 4.7150 8.0085 0.0251 3.2935 
2 0.0543 0.0731 4.7150 9.3044 0.0188 4.5894 
3 0.0543 0.0814 4.7150 8.4479 0.0272 3.7329 
Average         0.0237 3.8719 
STDEV         0.0044 0.6590 
 
 
 
Thermal and Evaporative Moisture Resistance: Nano-Tex 
 
Thermal Bare 
Plate 
Thermal 
Sample 
Moisture Bare 
Plate 
Moisture 
Sample 
Thermal 
Resistance 
Moisture 
Resistance 
  rcbp rct rebp ret Rcf Ref 
1 0.0486 0.0525 4.2801 6.4736 0.0039 2.1935 
2 0.0486 0.0552 4.2801 5.2419 0.0066 0.9618 
3 0.0486 0.0718 4.2801 6.0798 0.0232 1.7997 
Average         0.0112 1.6517 
STDEV         0.0105 0.6290 
 
 
 
Thermal and Evaporative Moisture Resistance: Coolmax 
 
Thermal Bare 
Plate 
Thermal 
Sample 
Moisture Bare 
Plate 
Moisture 
Sample 
Thermal 
Resistance 
Moisture 
Resistance 
  rcbp rct rebp ret Rcf Ref 
1 0.0525 0.0762 4.7150 6.9256 0.0237 2.2106 
2 0.0525 0.0752 4.7150 7.2212 0.0227 2.5062 
3 0.0525 0.0750 4.7150 6.8215 0.0225 2.1065 
Average         0.0230 2.2744 
STDEV         0.0007 0.2074 
 
 
 
Thermal and Evaporative Moisture Resistance: Dri-Release 
 
Thermal Bare 
Plate 
Thermal 
Sample 
Moisture Bare 
Plate 
Moisture 
Sample 
Thermal 
Resistance 
Moisture 
Resistance 
  rcbp rct rebp ret Rcf Ref 
1 0.0499 0.0766 4.4005 7.2617 0.0267 2.8612 
2 0.0499 0.0776 4.4005 7.1484 0.0276 2.7479 
3 0.0499 0.0786 4.4005 7.2025 0.0287 2.8020 
Average         0.0277 2.8037 
STDEV         0.0010 0.0567 
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Thermal and Evaporative Moisture Resistance: Pure Cotton 
 
Thermal Bare 
Plate 
Thermal 
Sample 
Moisture Bare 
Plate 
Moisture 
Sample 
Thermal 
Resistance 
Moisture 
Resistance 
  rcbp rct rebp ret Rcf Ref 
1 0.0491 0.0699 4.4823 8.5284 0.0208 4.0462 
2 0.0491 0.0625 4.4823 8.5863 0.0134 4.1040 
3 0.0491 0.0739 4.4823 7.9336 0.0248 3.4513 
Average         0.0197 3.8672 
STDEV         0.0058 0.3613 
 
 
Vertical Liquid Wicking Test Data 
 
 
Wicking (mm): Outlast 
Time 1 2 3 Mean STDEV 
15 s 2 3 3 2.6667 
 
30 s 2 6 6 4.6667 
 60 s 5 9 10 8.0000 
 90 s 8 13 16 12.3333 
 2 m 11 19 23 17.6667 
 3 m 17 26 31 24.6667 
 4 m 25 32 37 31.3333 
 5 m 32 38 43 37.6667 
 6 m 36 43 49 42.6667 
 7 m 40 48 55 47.6667 
 8 m 47 53 59 53.0000 
 9 m 50 58 62 56.6667 
 10 m 56 63 70 63 7.00 
 
 
Wicking (mm): Nano-Tex 
Time 1 2 3 Mean STDEV 
15 s 5 5 5 5 
 30 s 10 12 18 13.3333 
 60 s 20 20 24 21.3333 
 90 s 28 28 28 28.0000 
 2 m 35 33 33 33.6667 
 3 m 37 38 39 38.0000 
 4 m 41 43 43 42.3333 
 5 m 45 47 48 46.6667 
 6 m 48 49 49 48.6667 
 7 m 49 50 51 50.0000 
 8 m 50 52 52 51.3333 
 9 m 51 53 54 52.6667 
 10 m 53 54 56 54 1.53 
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Wicking (mm): Coolmax 
Time 1 2 3 Mean STDEV 
15 s 19 24 21 21.3333 
 30 s 25 31 27 27.6667 
 60 s 32 43 35 36.6667 
 90 s 38 50 43 43.6667 
 2 m 44 56 50 50.0000 
 3 m 50 68 54 57.3333 
 4 m 69 76 72 72.3333 
 5 m 76 82 78 78.6667 
 6 m 82 89 83 84.6667 
 7 m 86 92 88 88.6667 
 8 m 89 96 91 92.0000 
 9 m 95 98 96 96.3333 
 10 m 102 102 101 102 0.58 
 
 
 
 
Wicking (mm): Dri-Release 
Time 1 2 3 Mean STDEV 
15 s 3 5 4 4 
 30 s 13 13 13 13 
 60 s 23 18 19 20 
 90 s 27 25 26 26 
 2 m 31 29 32 30.6667 
 3 m 39 38 39 38.6667 
 4 m 46 47 46 46.3333 
 5 m 53 52 52 52.3333 
 6 m 57 56 56 56.3333 
 7 m 62 60 60 60.6667 
 8 m 67 63 64 64.6667 
 9 m 69 68 68 68.3333 
 10 m 73 71 71 72 1.15 
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Wicking (mm): Pure Cotton 
Time 1 2 3 Mean STDEV 
15 s 4 4 3 3.6667 
 30 s 5 6 5 5.3333 
 60 s 8 11 7 8.6667 
 90 s 15 15 13 14.3333 
 2 m 19 20 17 18.6667 
 3 m 23 23 23 23 
 4 m 27 27 28 27.3333 
 5 m 29 29 30 29.3333 
 6 m 32 32 33 32.3333 
 7 m 35 34 35 34.6667 
 8 m 37 36 37 36.6667 
 9 m 39 38 38 38.3333 
 10 m 43 39 39 40 2.31 
 
